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FATLURE HOOE &#D

FATLURE EFFELCT
OH EHD ITFH

Time base ervors [Jitter) in the
synchronization informatios oa the
vigeo puipnt Tine. Vides informa—
is present and containg the sace
tima Base errors.

[vC

L. 2204080504 Syng pensralor
Slock Divider Chain Phase-locked -
Loap.

i, 2294001507 Camera Timing Logic
113, 20988271 Master Qscillator.

IVC Healers

(1) Loss of camera outpul
depicting sceme infForma-
Elon within FOV &F Tens
assembly.

(2] Loss af camerd until
self-haaking of circuitry
reslorss normal aperation.

Loss of mi 33ion
crikical video.

EATEDHALE FPR ACCEPTANCE
DESTGH FEATURES )
The TWCSLens Asseably igs comprised gf 16 slactrical subassewmblies; 13 subassenb]ies
are RCA Astro desigrad and Fabricated using standard printed-circubt board type of
consiruction. The reamaialng thres asseablies. high voltags power supply, oscillator,
and stepper makars, are vendar su:pﬂed compgnenks which have been Spﬂt{fitﬂ el
purchased accarding to RCA Specificatios Conbtrol Drawiogs (5CDs) prepared by esgi-
seering and rellabiThty assurance, Specificatisns pav the 30D are prepared o
extablish the desige, performance, test, gualificatfon, and acceplance requirmsents
for a procured plece of equlpment,

Parts, materials, processes, and design quidelings For the Shutkle CCTV prograa see
specified in accordances with RCA 2295503, This docunent defineas tha program require—
wents for selaction and contred &f EEE parts. To ihe mawisuw actent, ug coasistant
with availability, all parts have bpoa talackted From ailitary specifications abk the
J&M level, as a @ininum, Im addition te the ovarall selection criterla, a subset of
generdl purpdse preferred parks kas beea defined by this docomant and Lhe RCA Govers—
ment Systems Division Starard Parks List. In the cace of the (HOS and TTL Fauldy of
mi:rnc¥rcuit:. devitas ara scrasaad and tested to tha MWIL-STD-HAC aquivalent and
procured under the designatioss of HT-REL/3W} and SHE 5415 fron ROA-55D and Texas
[nstruments Corp, respactivaly. Parts not included bn the above documaats have beaa
used in tha design an { after a moastandard item approval fora (WSJIAF) has beem pre-
pared, Eubmitted ko Raliability Asturance Enginuring [RAE} and approved for use in
the specific applicakion(s) defimed in the HIIAF by MASA-ISC.

Horst-Case Circudt Analyses have bean performed and docomgntad for all circuit
designs bo demonstrate Lhat sufficient sperating warging ecisk for all sperating
conditigns. The asalysis was worsk case—in that the valud for eack of the variable
parameters was set to bimiks that wi1) drive the ¢ubpet €0 & maxlwwn {or ainigum).

A component arp‘licatinn veview dnd analysis was fonducted bo werlfy that the applied
stress aop each piece part by the teamperature entremes 1dentlfiad with environoental
gualificalinn iesting dogs not gucecd bhe skress derabing values idengiFigd in RCA
295503,

In additicn, an abjective examisatiosn of Lhe design was perforiaed through a POR ang
COR 1o verify that the IWC/lens assewbly mel speclfication and contraciual reguire—
mankts.
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" FAILURE MODE AMD

FAILURE EFFECT
04 EHD JIEM

RATIONALE F{M ACCEFTANCE

CAUSE
Time base arrors (Jitkery in Ehe
synchranlzation imformatian on the
videa autpet Tine. ¥iden informa-
is present and funkains the same
tine baze errars.

INC

Al, Z2o4P80-534 Sync ganerator
Clock Divider Chain Phasa-Locked
Loop. '

AZ, 22048E1-501 Camera Timiag Logic
Al3. 2295527-1 Masier Oscillater.

TVE Healers

A2 AR J—

{1} Loss of camera guiput
depicting scene iafarma-
tioa withis FOV of lens
assembly.

12} toss of camera until
self-heating of circuikry
rastores aormal operation.

1-H
Lgss of pission
cribical video.

RESIGH FEATYRES
BARE BOARD DESIEN (A1}

Tha design for the azeaciated &Y board is construcled fron Vaminated copper-clad
epoxy 0lass sheeks [REMA G-10) Grade FR-4), PER HIL-P-5561FA. Li reuit

connections are made through pristed Eraces which rus trom poist to point oo Ehe
bogrd surfaces. Ewery trace Lerminates &4 an annular rln?. Tha anaular rin
surrounds the hole in which a ¢omponent lead or terminal is locaked. This ring
provides a footing for the selder, ensering gocd mechanical and electrical
perfarmance. L[ks slae and shape ave:governed Iqr MILP=-55040 4% are trace wWidihs,
spacing and routhng, Thase requiresents are reiktarated specifically in drawing
potes ba further assure compliance. Variathans batwsen the artwosrk master and the
final product (due to irreguiarities of tha etching process) are also controlled by
draminy netes. This Ereve-ntﬁ making defective boards frem good artwork. Heles which
house no lead or terminal, but serve anly to alectrically laterconnect Lhe di ffersnt

pgard layers, cantain stitch barvs for mechanical support and imCreased raliabhTity.

The thru holes are drilled from & deill tapa thus elimimaklng kha possibility af
puran error and allowing tight control over hole and drmular rin concenkriciky, 2
important reliabiVity criterion. After drilling and siching, 81T coppér cladding is
bin-tead plated per HIL-SID-3495. This provides for gasy and reliabla soldering at
the Lime af board asseavly, evea after perisds of prolanged storage.

BOARD ASSEMBALY DESIGH {Al}

al1 componenis are installad in a sannar which assures naximum rebiability.
Component leads are pre-tinned, &llawing total wekting of solder joinks. All leads
are fernét to provide siress ralief aad Lhe badies of large componenks are shkakedd.
Epecial mounting and handliag instructioss are included in wachk drowing requi red
after Final assenbly. The beard i3 coated with urethane which protects against
humidity snd contamination.

BOARD PLACEMENT
The Al, A? boards ara secured in Lhe alectronics asseahly by gald-plated
herzllium copper card guides., Lemmections are side te the wother board

with bling-maled conneciors. Disemgagement during Yaunch 1% prevented by 3 cover
which ¢pans the beard's Free edoe.

2101 e
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ITEH EATIOHALE FOR ACCEFTANCE

LAUSE
ime base arvers (Jitker} in tha
ynehroni zatisn dnformation on the
ideo vuiput line. Videa informa-
& presant ans conbains tha szame
ime base errors.

¥

K, Z294880-584 Syni generaior
lock Divider Chain Phase—lLocked
onp.

2, Po4agk-5h1 Camera Yiming Lagle
J3, 7795527-1 Master Dscillator.

UC_Heaters

{1} Loss of camers butpuk
depicting scene informa-
tion withis FOV of Yens
assanbly.

{7} Loss of camerd until
sehf-haating of circuitry

restorgs normal operation.

Locs of mi;sinn
cricical yideo,

DESIGH FEATURES
BARE BOASD CONSTRUCTION (AZ)

The boards ars of “"welded wire* construction. AL the bare board lewel this does nat

distinguish it from a norsal PC board sxtepl that holes which will take weld pins
ganerally are apt connacted to PC traces. Dn1y_thnsnr£in: vhich bring power and
gruund poteatials to the ICs ara an PCs. Aa annular risg surrounds the hole in the
sard where each powsr and graund pin s located. Thess pinz are than sochdered Lo
tha trace like any other companant laad. Aside from this Featura, all design

t construction techniques used in PC board Yayout apply.

BOARD ASSEHBLY (a2}

The grilled and ekched- boards are populated with several hundred solderabhle or
weldable pins. Power and grousd pins, as well as connector pins, are soldered in
place. Discrast components {resisters, diadas, capacitars} ars atiached to
bifurcated terminals, whers they are soldered. Flatpack ICs are welded,
lead-by-lead ko the tops of the weld plas. After weldiag, axtra lead raterial is
[rimmed away. Circuit connections are adde vsing #38 AWE nickel weld wire. The
wire is welded ko the pin surfaces on the board backside. ANl wire welds ara dona
using a mathiae which is Lape driven, thus &liminaking the possibility of miswiring
due 1o operator errar. All wiring & circuit performance 45 testad prior Lo
box—level iastallation. After successful testing, Componemts are staked as required
by drawing notes and the assenbly 15 coated with urethane.

The board s inserked in the box on cord—edga guides, Ln tha sama manner as the other
PC baards.

The Al assembly Is a temperature compensated volbage contrel led crystal pscillator
{TCVCXGY that is purchised i a specificatios rentrallad drawiag that astabl ishes

the requirements for performance, desipa, iest, and qualification of the wnit. The
product assurance pravisions of the docunent contais tha identical requiremants for
eleckronit parts and malerials as the Shutble {CI¥ progran and must receive the
approval of RCA and NASA-JSE. Hechanical and electrical inkegrity of Lhe assemhly

is confirmed by bath analysis (design reviems} and test dqualification and arceptance).
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FATLLURE HIDE AND FAILLME EFFECT

_ C[AUSE fy €MD IFEH RATIOMALE FOR ACCEPTANCE
Time kisa svrors (Jitier} in bhe [1] Loss of camera ouiput | GUALIFECATION TEST

sinchrﬂnilatinn'1niur,ml:inn an the depicting scene 1aforma-
vides output §ina. Widen informa- Liom within FOV of lens For Qualification Tast Flow, see Table 2 located at the front of Lhis baok.
is present and contalns the same asisembly.

time base érrori.
{2} Loss of cemera until

v self-heaking of Circuitry
al, 2294RAD-584 Sync genevalor restereas normal eperation.
Clock Bividar Chain Phase-locked

Laop . horst Case:

4}, 2204681-501 Lomera Timing Legic | Loss af migeion

Al3, 2295527=1 Master fQscillator, critacal wideo-

T¥C leaksrs

I tdk A T, e
- —
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UNIT IVC/CLA
FHEA NO. _2.2.3.1 SHUTTLE CCTY OWG HD.
CRITICAL ITEMS LIST
CRETICALITY ofd SHEET B ar ]
FAILURE HIDE AND FATLURE EFFECT
Cati3E OH END ETEH —RATIOMALE FOR SCCEPTANCE

“ime base errars |Jitker] In the
iynchronization infemnation en Lha
ridao output line. Widea informa-
s presest and contains the same
.jma baze erroarg.

XL

11, 2294880504 Sync ganaralor
Mock Divider Chain Fhase-Locked
O0f.

12, 2294581501 Camera Timing Lagic
U3, 2295527-1 Haster Oscillator.

e Heakers

{11 Loss of camera outpul
depicking scene# informe-
tion witkin FIV of lens
assenbly.

{2} kozs of casera unkil
salf-heating af circuikey
restores novmal cperation,

Horaf {ase:
Loss of misslon
critical vidao.

ACLEPTAMCE TEST

The CETY systemst TVC/CLA 15 subjucted directly, wilhout vibratisn isalators which
might he usad is their noreal installation. to the following Lesting:

» Vibrztion: Z0-B0HE; 3 dbs0gt-rise From 0,01 G2/Hz
80-353 Hz: .04 G Hz
3158-750 Ha: =3 daf10 Det-slope

Tast Duratiom:
Tagt Laval:

I Hinuke par Axis
5.7 Grmas

# lhermal Waguwa: In a pressure of 1165 Tarr, the tempirature shall be as

follows:

125° F: Tine ta stoblize aguipnent plus 1 howr
25* F: Tine 1o stablize agquipnent plus | howr
125" F: Tine i» stablize equipnent plus | hour

The TVC/CLA may sot hive been subjacted ta the vacuus conditioa.
For Acceptance Test Flow, see Table 1 locaked at the front of bhiz book.
DEERATIOMAL TESTS

In order to verify that CCIV cocponents are oparational. a test aust verify Lhe
health of all} the command related conponanks from the FHS [AJAl) panel switoh,
through the ACU, through fhka syac Timas to tha Camera/FTU, to the Camera/FTU comnand
decader. Tha test must also verlfy the camerd’s ability to produce vidaa, khe USlM's
ahilil: Lo route video, snd Ghe monikor's abl'litﬁ te dizplay widen. A siwilar Last
would ba parformed to verify the HOH command path. :

Pre-taunch.on Orbiter TestZEn-Flight Test

1. Power CCTV Systam.

2. ¥ia the PHS panal, select a monitar as destination and the canera uader
Lesk as sowrce.

3. %end "Camara Power Jn" command from FAS panel.

4. Select “External Sync” an moaitor.

£_ Dbgerve wideo ditplayed on manitor. Mote that 3F video on monitor §s
synihroniced {i.e.. stoble raster} thea this indicates thalt the camera
iz receiving conposite syac From the RO ard that the cawera is producing
synchronized video.

6. Send Pan, Tilt, focus, Zoom, ALC, AHD Gamna commands and wisually {eilhar
via Lhe moniter or direct observation]| verify operatisn.

7. Salect downlink as desiination snd camera under East as $ource.

A. dbserve video rouled ba downlink.

g, Send *"Camera Power OF(™ command via FHS panel .

LY . LN

siha bhe WA comemied smabh

- S DR R Y
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FAILURE HODE AND FAILURE EFFECT

— £aust —OH €MD ITEH _RAYRONALE FOR ACCEPTARLE
Tima base errars {JiLker) in the {1} Loss of camera output | QASINSPCCYTIN

synchranizalion iafersation on the depicting scepe infarma-
vidoo putput Yine. Videa infarma- tlon within FON of Yens Frocurement_Conbrol - Tha TYCACLA EEEParts amd hardware ftews ars procured From
j5 present and containg the same assembly. approved venders aad suppliers, which neat the requlrements set forth in the CLTV
Lime bage arrors. contract pud Quality Plan Work Statewent (WS-2593196). Resident OcAs personnel
{2) Lass of camarz unti] reviaw al1 precuremeat documents to estawlish the meed for 651 on selected parts

1YL salf-haating of circuitey | (FAL 517},

Al, 2294880-504 Sync generator restoras nermal nparation.

Lhack BHwidar Chatn Phase—Locked mﬂmgm;j_nunﬂ_ﬂ.umg - Incoming Quality inspecklons are made on all
Lidap. - Herst Cguet received wmakerials and parts. Hesylts are recorded by lot and rekained in fila by
A2, 2794081-501 Camera Timing Logic | Loss of mission draulng and cootral nunbers for fulura referenco and Lri:aahilltg. A1l EEE paris
A13, P2OSS27-1 Master Oscillator. + eritical vides. are subjected to incoming acceptance tasts as called for in FAL 15 — Yacoming

Inspeckion Test Instructions. Incoming flight parts aca furthar rocessad in
aceordance with BCA 1845664 - Precondilicalag and Acceptance Requiraasnts far

T Healérvs Electyonlc Farts, with ihe exception that OPA and PIND tasiing is nol performed.
Mechanical jtews are imspected per FAL 316 — Inconing Inspeckion Instructions for
mechanical items, PAT 305 - Encoming Quality Comtre) Laspectios Ingkractios, and

PAE 612 - Procedurs for Pmces:ing‘?ntmim or Purchased Parts Designated for Flight
Use. Accepled items are dalivered to Material Controlled Storss and ratained

uadar specifiad conditisna watil fabrication is required. Non-<onforming makerials are
held for Haterial Raview Board {HAB) disposition. {(PAI-3D7, Pal 1QC-531).

foard Assembly & Test - Prior to the start of TVD board assembly, all itams

sre verified ta he correct by stock roon personnel, as Lhe 1tems are accumlated to
farm & kit. The items are verified agsie by the oparator who asseobles tha kit by

checking against the as-suilt-parts-Vist (ABFL). Btﬁs Marmatory Inspectipn Points

are desipnated for a1l priated circudy, wire wrap and welded wire boards, plus
harness cennectors for seldaring wiring, crieping, salder splices and qua'l?ty

:nrkmnship prior to coating of the compunent side of boards and sleeving of
AITESSOS . :

VT Hoards

4pecific TWC board assenbly and best instructions are providad in drawing notes, and
spplicable docoments ara called eut is the Fabricatisn Procedure and Record
(FPR-2294819) and paris lisk PL2294819. Thase include shuttle TVC asseably notes
2503560, Process Standard RTW-566 22RBA81, Process Skandard - Bonding Yelcro Tape
2280504, Specification Soldering 2280249, Specificatian Kame Plate Application
1960167, Specification - Crimping 226000, Specification - Banding and Staking
2260876, Specificaktion — Urebhane coating 22B0B1), Specification - Tacking conpauwnd
2626116, Speci Fication Epoxy Adhesive 2010985, Specification — Marking 2280876,
SparifFication - 'n'nrhla.nsﬂip 8030035, Specification — Bandiag and Staking 22ZB0ETS.

3R —_ 2oblh g L
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CRITICAL ITEMS L15T =
SHEET __1 OoF 9 _

FATLAME MODE AND
RE

FAILURE LFFECT
0§ END ITEM

RATLONALE FOR ACCEPTANCE

Time base errors {Jikter) in bhe
synchronizatien informatian on the
uwidan output lipe. WYideo informa-
{4 present and centainy the sane
Lime bhaso errors.

L'

Al, Z2%4BA0-504 Sync generator
Clock Divider Chain Phase—Loched
Loog .

A2, 2204881501 Canora Timing Logic
Al3, 2295527-1 Haster Oscillatar.

vl Heatuers

€1) Lass of camera autput
depicking scene infarma-
thon within fOV of tens
assenbl y.

{?} Less of camera until
sal f-heating of circuitry

restores normal operakbion.

Loss of ni;sinn
critical widen.

CASIHSPECTION (Centinuad)

I¥C Assenbly sod Tegt - An open bex bpst iz performed per TP=L[T-2294819, and 4n
Acceptance Tesh per TP-al-2294819, incloediag vibratdon and thermal vacuun. Torques
are spacified and witnessed, traceabiVily sunbers ara recorded and calibrated toals
are checked prior o use. HACA Quallty and DCAS inspactions are performpd at Lhe
vomptelion af specifled FPR operations In accordonce with PAI-204, PAN-205, PAl 206
and PAL 211, DCAS persownol witnass IWL butbon-up aad critical torquing.

IVC/CLA Assenkly and Test — After a TWC and an CLA have has been tested Indiwiduvally,
they are mated and a final acceptance test is performed per TP-AT-220481%, iocluding
vibration and thermal wacuum environweaks. RCA and DCAS perscane]l moaitor these Cests
and review the acceptance Lest data/results. Thase parsomnel atso inspect for com-
tarmance after all repair, rawork and retest.

Preparatign for Shipment - The TVC and ClLA are uI:aritnd prior Lo shipment after
tabrication and testing is cemplets. Each s packsged according ta CLTV Letter BOEI
and 2280746, Procass standard for Packaging amd Handling guidelines. Al related
docunentatian {pcleding assambly irmin;l;s. Paris List, ABPL, Test Daba, etc., is
gathered and held in a documentation Foldar assigned specifically Lo each assaably.
This faldger is retaimed Tor rafarenca. An EIDP is EH ared for pach pssenbly ia
accordance with the requiraments of WS-2593176. RCA QU and DCAS perspanel wikness
vrating, patkaging. packing, and marking, aml review Lhe ELOP for completeness and
JECUFACY. :
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URIT TVYC/ALA
FHEA ND. _ 2.2.3.1 SHUTTLE CCTV e MO, | 22GARIO-GOG, SOBS
CRITICAL ITEMS LIST FE R Y
CRITLCALITY 242 SHEET [+ 4F 9
FAILURE MWODE AMD FAILURE EFFELT
e CRUSE OH fND ITEH BATJONALE FOB ACCEPTANCE
Time bace errors [Jitter) ia the {11 Less of comera gubput | FAILUIRE HISTDRY
synchronization iaformation om Lhe dapicting scens informa-
video output Vina. Widen inforaa- tign withis FOV of lens NOME
is present and conlkiins the sama assenbly.
{ime base @ryors.
() Loss of camera until
0 . salf—heating of circuikry
al, e29appO-S504 Sync geasralor resiores sormal aperatian.
Clock Davider Chain Phase-Locked
Luog . Worst Case:
A2, ¥294081-50" Canera Timing Logic | loss af nisshos
Al3. 2205527-1 Master Dscillator. critical vidao.
TVC Haaters
uZ34m - : 2-823 ] i
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FAILURE HODE AMD
CAUSE

FATIURE EFFECT
QN _EHD_TYEH

Tine base errors {Jitter] in the
synchranization information an the
video output Tine. Video informa-
is present and contdiai Lha zama
Line base errors.

E 2294400-504 Sync genceratar
Clnck Oivider Chirn Phase-Locke
foop. :
AZ. 22948R1-501 Camara Timing Logic
413, 7295527-1 Haskter Oscillator. -

TW_ Heaters

{1} Lossi of camera autput
depicting scens informa-
tion within FO¥ of Jens
assembl y.

{2} Loss of camera until
s&l F-heating of cirguitry
resbares normal cperatlioa.

Horst Cases
Laxs of migsion

critical video.

RATIDHALE FOR ACCEPTANCE
OPERATIONAL EFFECTS -

Loss of wideo. Possible Yoss of major missioe cbjectives due to logs of RMS cameras
or olher required caneras. _

CREW ACTIONS

If passible, continue BMS operations waimg altermative vizual cues.
CREW TAAINENG

Crew should be trabned to use possible altermatives to CLTV.
HISSIOH LONSTRAINE

Where possihle, procedures should be desighed 50 thay can be acconpiished wiilhout
CCTV. -



